Introduction
Diabetic autonomic neuropathy may have widespread consequences, and many abnormalities of the peripheral vascular system have been described. 14 Defective autonomic control ofthe heart has received much less study. Our aim was to discover whether cardiac efferent nerves are involved in diabetic neuropathy and see how far such abnormalities might account for defective cardiovascular reflexes.
Methods
Thirteen patients who showed severe diabetic complications, including features of autonomic neuropathy, were studied (see table) . None had ever been in cardiac failure and only one patient's electrocardiogram showed minor ischaemic changes. The patients lay supine for at least half an hour before the investigations. grams were recorded, and lead II strips were taken for measurement of heart rate. In most patients instantaneous heart rate was also recorded on tape and a tracing showing beat-to-beat variation obtained with a Hewlett-Packard heart rate monitor 8020A. Continuous intra-arterial blood pressure recordings were made in nine patients. In the remaining forur, blood pressure was recorded with a sphygmomanometer. Cannulation of a radial artery at the wrist was performed with a Grandjean catheter introduced by a microSeldinger technique. A direct write-out of the pressure trace was obtained on a Mingograph recorder with an Elema-Schonander pressure transducer.
The following tests were used to assess the effects of the sympathetic and parasympathetic nerves in the control of heart rate.
Mental Calculation.-Subtraction tasks were rapidly performed aloud under harassment.
Tilting. After each of these tests the pulse rate and blood pressure were allowed to return as near to control levels as possible before the next test was carried out.
Propranolol.-A 10 mg dose of propranolol was given slowly intravenously to block sympathetic stimulation of the heart.
Atropine.-Atropine 1-8 mg was given intravenously about 30 minutes after propranolol to block vagal stimulation of the heart.
Lobeline.-On the same or a different day eight patients were given 6 mg lobeline by rapid intravenous injection to test chemoreceptor reflex pathways.
Results
Basal Heart Rate.-In three patients the resting heart rate was over 95/min, and in six it was 85 or more per min ( fig. 1 ).
Beat-to-beat variation (sinus arrhythmia) of the heart rate on deep breathing was normal in only one patient, all the others showing variations of 7 or less per min, mostly 3 or less per min. The normal beat-to-beat variation in adults under 50 years of age is always greater than 10/min. Autonomic Blockade ( fig. 1 ).-Propranolol 10 mg intravenously slows the heart by at least 8 beats/min in most normal people. The response was normal in four patients but impaired in most, and in four there was a slowing of less than 5 beats/min. Normally the increase in heart rate caused by atropine is far greater than the slowing caused by propranolol. All our patients showed a small response to atropine; thus the heart rates after blockade with both drugs were similar to the resting rates. There was a wide distribution of heart rates after blockade of both sympathetic and parasympathetic nerves (intrinsic heart rate). In five patients the intrinsic heart rate was much lower than expected for their age.6 One patient (case 1) showed no significant response to either propranolol or atropine.
Phenylephrine.-Slowing of the heart was negligible in most patients despite increases in systolic pressure of at least 15 mm Hg ( fig. 2) . The corresponding baroreceptor sensitivities7 of 0 to 7 ms/ mm Hg were all below those found in normal people of similar age. 8 Mental Calculation.-With this test the increase in heart rate varied from 0 to 19 beats/min.
Tilting.-With tilting the increase in heart rate varied from 1 to 18 beats/min and was always prevented by propranolol ( fig. 3) propranolol ( fig. 3) indicates that increased sympathetic activity played a larger part than parasympathetic withdrawal in the three patients who showed the largest rise in heart rate during theValsalvamanoeuvre. Carotid Sinus Pressure.-In most patients responses were small, as would be expected from the poor response to phenylephrine. Nevertheless, in two patients the heart rate slowed by 26 beats/min despite small responses to phenylephrine.
Lobeline.-Seven of the eight patients given lobeline showed the normal response of coughing and hyperventilation.
Discussion
Defective autonomic control of the heart was found in all these patients with diabetic neuropathy, all of whom had many diabetic complications as well as features of autonomic neuropathy. Impairment of vagal function was the most easily recognized abnormality and occurred in all the patients, and generally there was good correlation between the different tests of vagal function. Abnormalities of sympathetic function were less common and generally less severe. Vagal impairment sometimes occurred without any sympathetic involvement but not the reverse. In one case the heart appeared to be totally denervated.
We believe that the neuropathy chiefly affects the efferent cardiac nerves rather than afferent pathways. Poor heart rate responses to autonomic blockade and diminished beat-to-beat variation provide positive evidence for efferent abnormalities. Beat-to-beat variation is mediated by the vagus nerve, since it is abolished by atropine' and, in animals, section of the vagi.9 Total unresponsiveness of the heart rate in case 1 could be due only to efferent involvement. Sharpey-Schafer and Taylor' 0 attributed abnormal cardiovascular responses to an afferent baroreceptor lesion, but such a lesion could not explain all our findings; multiple afferent pathways would have to be involved, and at least our own patients had normal afferent chemoreceptor responses to lobeline.
Sympathetic defects were also common but generally less severe and more difficult to assess. This is because the responses to tests which stimulate the sympathetic nerve are often small compared with those acting through the vagus, and sympathetic blocking drugs such as propranolol normally have a much smaller effect on the heart rate than parasympathetic blockers such as atropine ( fig. 1) . In some patients the heart rate slowing due to propranolol was normal. Responses to tilting and calculation were, however, often small or absent. In two patients good sympathetic function co-existed with severe vagal defect.
The patient with complete cardiac denervation showed no significant response of the heart rate to any test of autonomic function, though there was a small increase after exercise. This constancy of heart rate is similar to that of a transplanted heart, which is, of course, a denervated organ." The patient was a 27-year-old woman with longstanding diabetes. She was almost disabled by postural hypotension and suffered from other autonomic defects including diarrhoea and urinary retention. Peripheral neuropathy was present but mild.
There are numerous clinical consequences of a denervated heart. The persistent tachycardia observed in some diabetics is a result of vagal impairment.5 12-14 The fixed heart rate which is occasionally observed may have more serious effects. Inability to increase cardiac output would contribute to the hypotension induced by standing or exercise and impair the ability to undertake strenuous exercise. Lack of response to P-blockade could result in a therapeutic failure of drugs to slow tachycardia or relieve angina. On the other hand, denervation hypersensitivity to catecholamines is a possible hazard and might account for the five cardiac arrests witnessed in three of our patients with extensive autonomic neuropathy.
We conclude that defects of both sympathetic and parasympathetic nerves to the heart may occur in diabetics and are common in highly selected patients with other evidence of autonomic neuropathy. Autonomic neuropathy may be readily detected by tests which entail measurement of heart rate, of which beat-to-beat variation on deep breathing is probably the best. Occasionally the heart may be totally isolated from autonomic control. Denervation of the heart may predispose to serious dysrhythmias.
